Summiary. AMeasurements were made over a 4-day period of the effect of added indoleacetic acid (IAA), puromycin, actinomycin D and 5-fluorodeoxyuridine (1dt-(lR on growth and the levels of total DNA, RNA, protein and cellulase in seg-ments of tIisVue at the apex of decapitated etiolated epicotyls of Pis1luml satizvumnt, L. var. Alaska.
Summiary. AMeasurements were made over a 4-day period of the effect of added indoleacetic acid (IAA), puromycin, actinomycin D and 5-fluorodeoxyuridine (1dt-(lR on growth and the levels of total DNA, RNA, protein and cellulase in seg-ments of tIisVue at the apex of decapitated etiolated epicotyls of Pis1luml satizvumnt, L. var. Alaska.
The hormone induced swelling of parenchyma cells and cell division. By 3 days after IAA application, the amounts of DNA and protein w-ere approximately double, RN A\ triple and cellulase 12 to 16 times the levels in controls. All of these changes wvere prevented by both puromycin and actinomycin D. FUdR prevented DN'A svnthesi.s and cell division but not swelling or synthesis of RNA, protein and cellulase.
It is concluded that IAA-induced RNA synthesis is requiired for cellulase s.ynthie& and lateral cell expansion, whether or not cell division takes place. ' heA high concentratiolns of ilndoleacetic acid (IAA.) in lanolin paste are applied to the decapitated apex of etiolated pea epicotyls, in the first 10 mm of tissue beloxv the apex ther-e is a markedl increase in anmounlt anid specific activity of the enzyme cellulase (,f-1.4 glucan 4-glucainohldr-olase, EC 3.2.1.4.) (3) .
The increase can be inhibited by including in the lanolin any of a numiber of substances which interfere wvith protein sy-nthesis. Accordinlgly, it appears that IAA selectively bring-s into operatioln the coding systei ( s ) needed for exvenitual biosynthesis of cellulase.
'T'lheoretically-, a hormonie could r-egulate the synthesis of a specific enzymlle by direct interaction with macronmolecuiles wvhich are important in the processes of iniformation transcription (2) or translation (22 (3) .
Soluble protein was determined with the biuret reagent standardised against bovine serum albumin (5). Total protein, RNA and DNA determinations were carried out on homogenized 80 % ethanol-and etherinsoluble fractions from the segments. The methods (15') included extraction of total nucleic acid into warm 0.5 N perchloric acid, its estimation by ultraviolet absorption and DNA determination with diphenylamine (RNA -total nucleic acid minus DNA). Total protein was determined in the perchloric acid-insoluble residue after Kjehldahl digestion by nesslerization. The yield of buffer-soluble protein accounted for 90 + % of total segment protein.
Results
Growth. Table I records the growth in segmilent length and fresh weight; figure 1 show-s the changes in relative fresh weight per unit length, i.e., a measure of the extent of segment swelling. In untreated segments (control), both length and fresh weight increased mainly during the first 2 days. In IAAtreated segments, elongation was slightlv inhibited but the fresh weight increment was much greater than in controls with the result that segments showed marked swelling (3-fold increase in fr wt/length in 4 days). When puromycin or actinomycin D wvas included with IAA, elongation was greater than that observed after any other treatment given in these tests. TI'he fresh weight kept pace with elongation so that a major effect of these antibiotics was the complete prevention of IAA-induced swelling. In contrast, FUdR had no effect on elongation and it interfered only slightly with swelling. Figure 2 Chianges in DNA, RNAT and Protein. Figure 3 showxx effects of IAA and inhibitors on total DNA, RNA and protein levels. 3) . Puromycin and actinomycin D prevented the IAA-induced increases in DNA, RNA and protein (fig 3) . FUdR completely inhibited the increase in DNA which accounts for its effectiveness against cell division (fig 2) . However, FUdR did not interfere seriously with the increase in RNA and protein until after about 2 days incubation. There was therefore a marked increase in the RNA/DNA ratio up to that time (table II) . Evidently this RNA and protein synthesis, as well as most of the lateral segment expansion (fig 1) , was due to action of IAA in cells which were present in the segment at zero time (pre-existing cells) and was relatively independent of DNA synthesis or cell division.
Cellulase Activity. Figure 4 shows the changes observed in cellulase activity. By 3 days, the amount of enzyme per segment reached levels 12 to 16 times the level in controls. This increase was much greater than those in fresh weight (table I) , total protein, RNA or DNA (fig 3) , i.e., the cellulase level followed a typical sigmoid induction curve regardless of the basis on which it was calculated.
In the presence of IAA plus FUdR, cellulase activity increased rapidly for 2 days, i.e., for as long as rapid synthesis of total RNA and protein continued, and then began to decrease slowly as the total protein level declined (cf. figs 3 and 4). Since there was no DNA synthesis or cell division in the presence of this inhibitor, the extra cellulase must have formed as a result of direct IAA action in pre-existing cells. The maximum cellulase level reached in these cells (4.5 X zero time) was less than the level reached in segmnents treated with IAA alone, and the discrepancy between the 2 increased after the first day as cell division proceeded. Evidently newly-formed cells also synthesized cellulase.
IAA failed to raise cellulase levels in the presence of puromycin or actinomycin D (fig 4) . This cannot have been due to inhibition by these antibiotics of IAA-induced DNA synthesis and cell division since the results with FUdR show that these events were not required for cellulase svnthesis. Rather, it may be presumed to result from their effectiveness in preventing RNA and protein synthesis in pre-existing cells.
Discussion
It is clear from the effects of inlhibitors (figs [1] [2] [3] [4] that IAA can promote the synthesis of protein in general and cellulase in particular in cells which are in the process of expanding. It is legitimate, therefore, to speculate on the question of where the hormone must act in the sequence of events leading to protein synthesis. Recentlv it has been suggeste(d that plant hormones promote synthesis of specific enzymes by unnmasking the appropriate preformed messenger RNA (22, 26) or by charging a particular variety of transfer RNA needed to initiate synthesis (1) . Such effects on the process of translation would not necessarily require RNA synthesis. Alternatively, hormones may selectively de-repress part of the genome of maturing cells so that certain species of messenger RNA and eventually the proteins for which they code are synthesized (2, 8, 23) . Such control over the transcription of DNA to RNA appears to be the best explanation for nearly all the effects of IAA observed in this study.
IAA induced very great increases in total RNA in the epicotvl segment (fig 3) , not only in time as an eventual result of cell division but from the beginning by direct action in pre-existing cells ( (9, 10) . In pea seedling tissues, nearlv all of the total cell R NA is in microsomes (12) associated with cytoplasm rather than the nucleus (14, 19) Thus, niucli of the IAA-induced R'NA is probably also ribosomal, especially in v\icw of its apparent stability (fig, 3, Expt B) . In this event, mnerely as consequence of an increased number of sites w\here s-nthesis canl proceed, a non-specific increase would be expected in the production of total cell protein. Certainly preferential action of auxin on transcription rather than translation is implied by the fact that auxin causes protein/RNA ratios to decrease in both the pea epicotyl (table II) anid the soybeani hypocotyl (10) .
The other main effects of IAA, namely DN'A and unilateral cellulase synthesis and growth bv cell expansion and cell division, were all closely correlated with the ability of the segments to synthesize RNA. It is difficult to account for these events wNitlhout supposing that IAA brings about formation of coding varieties of R-NA besides ribosomles. In fact, auxins have been shown to stimulate the synthesis of all fractions of RNA including messenger in experiments with attached (10) and detached (9) soybean hypocotyl tissue and with oat coleoptile sections (6) .
MIessenger RNA is the one fraction of total RNA which is still synthesized in detached pea root sections and presumably required in order for growth on solution to proceed (13) . It (fig 2) . Special attention should be draw-n to the fact that greatly enhanced elong,ation w-ithout swelling occurred in segments treated with IAA plnis actinomycin D or puromycin (3. 
